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A hstract

These are some of the maltple solubon sets that can be foond From the: set ol simulianeons cquations abtained
fromn ciagram 1. Mote that torces A, B, and C are exerted on two members, not one. Also, a negative value For a
toree means that, at that pnrtu:nlﬂr state, the member may be m tension. Adl postiye values imply compression
ATl foree values are in pounds.

1 Solution

Forces as they are in the free body,
Flypy = 5000
Fypa = HOOO
Fyps = 5000
Frpq = H0O00
Fry = 5000
Firg = S000
e = HOO0D

Fi-q = 000
W = 10180
5 =1527.0

Fe= (Fay+ Fyz + Fay + Fra + 5)/ [vos{457) = 50448, 78
Frp = (1/160) = |28.875( Fryy + Fire + Fg) + 48T0F g — DL Fyy 4+ Frg) = 32800 4+ 1928y, + S =
L. 875 4+ 80W| = 00625 « 158T6GE. = 9922 925

F:-l = _F.U — Frhill{-iﬁ:I -+ ,'11_’| - }-11(,2 + Firm }'1'4 + W

Fy = —(1/160) = [28.875( Fiy1 + Fiyz + Firg) + 48T5F s — 51{Fuy + Fyrg) — 328ve + 1928y + 5 #
16.875 + 80W| — (Fipy + Firg + Firs + Forg -+ 0.15W )/ (cos{457)) sinfd5°) + Firy + Firg + Fyrg + Fyg + W =
— (1625 = 1DRTOOR. + 86530 = —1269. 925

2 Solution

Maximizing moment about point A, therelone maximicing [oree B,

"1 = SHH)
"2 = SN

Fiyg = S0

Figq = SO0

Fiy — =500

Flre = <D

Fig = <50

f"p’d — DO
W = 10180
g =1527.0

Fo = {Fyy + Faa+ Frs 4 Vg + 5) leos{457)) = 30443 TH
Fg = {ll.-'lllilljl ¥ {EH.HH:{F;” + Fya+ F“.1_:| + 48Th Fys — 0l I:F"L.-i + Fig) — 32F e + 192F g + S
TRHTR + HOW| = AN620 = 2027665, —18297.93
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Fjy = —Fg — Fosin(45°) + Fiy + Fyg + Fos + Fog + W

Fy = —(1/160) + [28875( 191 + Fg + Fira) + 48758y — BL(Fyy + Fyg) — 32Fyg + 192Fy + 9+
16.HTH 4 H”H-"r] —_ |[_f."'”-| -I- f":r_lrg - f'};ﬂ -+ |""“'4 41 lF-H’}f[rnq{:lﬁ”}}sin[ciﬁ“] —+ .l"'l|_r'| - f"!v-z - I"!V:j -+ .{‘1.'_‘ + W =
— [ E2S w 2ATREH. = 2134700 =

3 Solution

Minimizing momaent aboul point A, therelore minimizing force B.
F‘” 1= —-"rFI.'JI'J
F‘Hg = —.‘:rfl'.lﬂ

1_”3 == —Ml]l]
F‘h‘ 1 —i‘.u'l'[]l'.l
Fhl.r 1 E[I]'U
Firg = 5000
Fpq = HOO0
Yy = — 5000
W= 10180
&= 1527.0

([

Fe=(Fuy+ Fuz + Fya + Fa + 5)/ (vos{d57)) = -30444.

Fr = (1/160) + (28.875(Fy + Fra + Fira) + 1875055 — 31 Fvy + Fra) — 32Fva + 192Fvy + 5 +
16.875 + 80W) = .00 625 + — 1208868, =JEEIIT)

Fa=—Fp— Fosin(46°) + Py + Fre + Bva+ B + W

Fa= —{1,’16[]}*{23.8?5{!*}“ | Fra | .F,l'}'q} | 4875 F s F}.ll:f"'iq | f'I!I.f].} 32 e 1+ 192 F g 1+ 8w
16.875 + 31'_.'!11"} —(Fy + Fygg |+ Fys 1 Fq 0 016W) /(cos(45°)) sin(45°) + Fyy + Fyo + Frs + Pl +W =

4 Solution

Fipy = —5000
Fepo = —RIHN)
Fypn = —nllN)
Feg = =0l
{1 = AN
Fre = GINN]
Pl = AN}
14 = HlHK}
W = 11H
5 = —15827.0

Fe=(Fuy+ Fyo + Fpa + Fya + 5)/(cos(157)) = E30443. 775

Fg = (1/160) » (28.875(Fyy + Fra + Fua) + 487585 — 51{(Fvy + Fua) — 32Fy2 + 192F vy + 5 +
1G.ETS + 8017) = 3882, 0742

F"..q = —P1;_f — .|F'1|;_' Si]‘l(-!{]‘:'} + F'L-'| + F"i-"u - F"l.’:q,}'l' "'1-".1 - “"
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Fa = —{1/160) « (28.875{ Fiyy + Fro+ Frq) + 4.8758 3 — 51{Fyy + Fis) — 328y + 1928 + 5+
16.875 + 80W) — (Fiz1 + Fuz + Fun + Firg + 0.15W)/(cos(45°)) sin(45°) + Firs + Fua + Fos + Fya + W =
44770926

5 Solution

All vertical Torces going up aud borieontal forcees going o e opposite directon as i e free body,

Fgqy = =0000)
Fra — =5000
Fig — =5000
Fryy = =5000
g = =500
Fira = =000
Fiy = =5000
Firg = =0000
W = 10180

5=-1527.0

Fe = (Fuy + Fus + Fia + Fiy + 5)/(cos(45°)) = —30443. 776

Frp = (1/160) & (28 875( 8y + Vg + L) + 48758 s — 51{Fyy + Fig) — 3285p + 1920, + 5 +
16,875 + B0W) = 257 07422

Fo = =Fp = Fosin{ds™) 4+ oy + Fro+ Fra4+ Py + W

Fy = —{ll."llﬁ[” * {23.3?5“7'”1 + Fipo+ Fya) + 4870 F ), — nlLFI,’j + Pl = 32F e + 19284 + S«
16.875 + 80W) — (Firy + Fusz + Fir + Fira + 0.15W)/ (cos(45") sin(45") + Fy1 + Fya + Fya + Fys + W =
B305. 9258

6 Solution
All vertical forces going up and horizonzl forees poing in the same direction as in the free body.,
f"‘]:“ = T
Frpo = 3000
Frpq — 5000
Frrqg = 5000
Fyg = =500

Fyg = =500
Firq = —5000
F‘L.-".‘ =T —Eﬂﬂ[]
W = 1180
5 =1527.0

Fe=(Fuy+ Fug + Fya + Fia + 5)/ (cos(45°)) = 30443, 776
Fu = (1/160) # (2B.876( Fyy + Fua + Fa) + 48T6F4 — 5I(Fyq + Fug) — 32F, g+ 192Fy, + S +
L6875 + S01) = 6297, 9258

-

Iy = =g — Fosin(45" ) + 1y 4+ Fyra+ I"l,':;;+ My + W

5/
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Fy = —(1/160) = (28.875( Fry + Frrz + Fra) + 4875845 — 51{Fuy + Fis) — 32F09 + 1928y, + 5+
16.875 + 80W) — ( Fiy + Fya + Fya + Fg + 0.15W)/ {cos(15°)) sin{45°) + Firy + Fya+ Foa + Frg + W =
—37644. 926

7  Solution

Maximizing the sum of moments about the center of mass.
Py — =500
Fg = —50(0)

Fog — SINN]
14 = —hINN)
'y = RN
iy = RN
Fyq = BN
Fyq = —hHin)
W = 101=0
S = 1u27.0

Fe= {4+ s + Fya + Vg 4 5)/(cos(457)) — —11983
' = “f" LGO {28.8?5{ Frg 4+ e+ Frpg) + 48708, - 51{}"17;1 + .I"‘ir;]_} — 32Fye + 192F 4 + 5 #
16870+ 801 = —-7491.1

Fa = =Fg = Fosm{45") + Firy + Fya + By + Frg + W

Fa = —(1/160) * (28.875(Fiy + Frz + Fra) + 4875 Fyg — 51{Fyy + Fyg) = 328y + 192F v, 4+ 5+
16.875 + 80W) — ( Py + Frs + Frn + Fira + 0.15W)/(cos(45°)) sin(45°) + Firy + Fya + Fva + Fua + W =
36144,

8 Solution

Minimizing the sum of moments about the center of mass.

Fapq = SO0
Figa = RN
Fyyu = =R
Fiy g = BN
ey = BN
Fu = B0
.P1L-';; = —-":-{II]
FI.-'.]_ = Hitki
W= 10180
& = |h27.0

Fo = (Fyy + Fya + Fra 4 Vg 4 9)/(oos(459)) = 16302,
P = (1/160) & (2R HTA{ Py + Frya+ Py 48T gy — 51 Py + Prg) — 32000 + 19200 + 54
16 HTA + HOW ) — 12806

Fy = —Fp — Fosin(d5°) + Fyy + Fra + Foar Fra + W
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Fa = —{1/160) = (28.875{ Fiyy + Fryz + Fra) + 4875855 = 51{Fyy + Fiy) — 32Fva + 192F, + 5+
16.875 + 80W) — (Fy1 + Figz + Fra + Fira + 0.15W)/{c0s{45°)) sin(45°) + Fy1 + Fra + Fon + Foa + W =
—4152. T

)  Solution

Minimizing the sum of moments aboul point B, without taking into scoount any of the borizonl forces, This is ment
W serve as A basis w caleulate the maximum posible bending moments on members T and X,

Fye=0
Fya =0
Fyqg =0
Frg =0

1 = — o000
Fyra = =000
Fyrg = =0000
g = Al
W= 10180
H=0

Fe={Fy1+ Py + Fya + Fia + ";JH'I{”“{"F’F” =1
Fis = (1/160) & (B KT8(Fypn + Fiz + Fia) + 4870 Fus — 51 (Fyy + Fys) = 82Fy + 192Fy + S &

16575 + 80W) =278,

Fa=—Fg— Fosin(45°) + vy + Pra+ Fes + Fra + W

Fa = —(1/160) % (28.87T5(Fiy, + Fua + Fua) + 4.875Fya — 51{Fuy + Fia) — 32F 0 + 192Fy, + 8+
16875 + 80W) — (Fyy + Fug + Fya + Faa 1 015W) /(coa(45°))sin(45°) | Py + Fya + Fra + Frqg + W =
— 16626,

10 Solution

Maximizing the sum of moments about point B, withoot taking into account any of the horizontal forees. This is ment
to serve as a basis to calenlate the maximum posible bending moments on members IX and X,

Fryi=0

Fra=0

Fra=0

Fua=10

Firy = 5000

Fira = 5000

FL-'_'j, = 5%

Fry = =500

W = 10180

S=0

Fe=(Fin + Fo + Fipa + Fpy + 5)/ (eos(457)) =0
Fp = (1/160) « (28.875( Py + P + 14) + 4875553 — 51( Py + Firg) — 82070 4+ 19205, + 5+
16875 4 80W ) = —5007 5

-
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Fg = —Fg — Fosin(45°) 4+ 15 + Fyra + Fra 4+ 14+ W
Fa = —(1/160) » (28B.875(Fyyy + Firg + Fua) + 4875 Fyrg — 51(Fyy + Fug) — 328y + 192Fyy + 5 »
16.875 + BOW) — (Fypy + Fyg+ Fira+ Py + 0.05W )/ (cas(457)) sin(457) + Py + Fyg + Feg + By + W =

s W)X -\}ﬂf{,&: -Le C‘a:c.]f«l!lll—k EE%J'P"? rmermend
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Ahstract

These are some of the multiple solution sets that can be ound From the setol simultaneons equations obtained

from

diagram 2. Note that forces AB1, ADR2 and D are exerted on two members, not one. Also, a negative

value for a force means that, at that particular state, the member may be in tension. All positive values imply
compression. All force values are in pounds.

1 Solution

Feorces as they are in the free body,

40525,

Iy = B0
Iy = HOO0
Fpg = BOD0
iy 4 = SO0
FL-'] — F]'IH'
.r'1|.-"__g e
F‘L-';; = r:l'.l.'.ll'.l
f'1|.-' 1 = HLLE
W = 10180
5 =1527.0

Fyy = —(Fu1 4 Fuz+ Fua + Fuq + S}/ (coa(60°)) = S43064.°

Fapg = (1/19)% (4. 870 Fypa + 168705 +28 BT8Py + Fryo+ L) HU AW Ly Lot 1+ 1y)) =

Fapi1 = =Fapy — Fpsin(GU0"} + W + (19 + Fyg + Fva + 1)
Fapy = =((1/19) = (48753 + 168755 + 28 875( Ly + Pyg + Fra) H95(W + My + Fra +1va +

Fua) )+ ((Firy + Fire + Firn + Fra + S/ (cos(60°))) sin(60°) + W 4 (19 4 Pra + Foa + Fiey) — 6050

2 Solution

Maximizing torce Fe

Fyy = —50K)
Flya = —H000
I'}j:{ = —lNN]
F‘Hq = —HliN)
F‘l.-'] =3 -‘:[m

Fiyra = bl00n
Fyrg = 0000
Fyrq = 5000
W = 10180
S=-1527.0

Fp = —(Fi + Fuz + Fua + Fua + 8)/(eos(60°)), =306

1‘1_4_“2 - {lz'r] H']I.l-{ni KVhH F'\”:q_-‘- | {i.H.J'-n'-l."l;""-M.Hfrrl[. F‘”] +.F'1_|l_r:g+ F]’;q]"‘g.ﬁ[{{'r-'- F'L- 1 +F[. a+ F';.- ;;—'—F'L IJ] ==

—=T1iEi45

.|r'"..1| H1 = —f"i,q By F'L: H!!l[ﬁ“] -+ I“- 4 [Fq.'. - [(-'1,-2 2 lnl:l_'-" -+ I'.'ﬁ'.-l}

II/
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Fam = —{(1/19) % (4.875F 3 + 16.8758 + 28 875( Fiyy + Fio + Fia) + 9.5(W + Fyy + Fya + Fyg +
Fug))) + ({Fi1 + Fire + Fira+ Fiy + 5}/ (cos(60°))) sin(B60°) + W + [ Fuy + Firg + Fyg + Fry) = 8239.3

3 Solution
Maximizing moment about point A
1;-“ = — (MK}

Fyra = —5000)
Frpa = —5000
Fq = —5000
iy = —5000
Fyrp = —5000
Fya = —5000
Firy = =5000
W = 10180

5= —1527.0

'F':L:' — —[.i-"H--l -+ ||r"1||||2 - F'-‘”;j_ - F‘”.| -+ .r';}f'f(l‘ﬂlﬂ[.ﬁ““]} = 43054

Fape = (1/19}+ (1875 Fys+ 168705+ 28 875 My + Frod Fyy ) +0.5(W b Fuy 4 Fras Freg Fiy)) =
—30345.

Fam = —=Faps — Fnsin(60®) + W 4 { Firy 4+ Firo 4 Fra 4+ Fiyg)

Fag: = —({1/19) * (4.875Fya + 16.8755 + 28.875(Fiyy + Fua + Fra) + 9.5(W + Fuy + Fro + Fya +
Fua)))+ ((Fry + Fro 4 Fa + Fia 4+ 5)/{cos(607)))sin(60°) + W 4 (Fiy + Fro + Fyg + F14) 107617

4 Solution

Leaving horizontal forces as in the free body, but switching vertical forees (Fv's)
Fipq = hion
Flyg = ROND
F"”;; = Rl
Fagq = BIO0

v = —iHKN)
Fiy = —H000
F';.' g = —HHK)
Fyq = —hiN)
W= 10180
&= [52T.0

Fp = —(Fi + Fyz + Frys + Fia + 5)/(eos(60%)) = —43054.
Fage = (1/19)# (4876 Fa+16.8705F 4+ 28.875( Fery | Frra | Frra) 10.5(W 01 Fueg | Fra | Fysd Fra)) =
20525.

FAEFI. — f'"A H? — .‘"1'. Hill{ﬁn*] B W -+ [f"‘pﬂ + Pi'L-"_c + I"F'L"'H + F1l-'-’l}
Fagy = ((1/10) % (1875 Fga + 16.8755 + 28.875( Frr1 + Fiua + Fra) + 0.5(W + Fuy + Fro+ Fra+
Foa))) + ((Fra+ Fro + Fra+ Frag + 5)/(cos{60°))) sin(80°) + W + (Fiy + Fra+ Fea+ Frg) = 6940.7
s
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5 Solution

Maximizing moment about the center of mass, vertical Forces going up.
Py = =RIIN)
Feyu = —=RIIN)
f"r“':’ = HHN]
Py = —HIIN)
Iy = =GN
Fyra = =50
Py = =R
1y = =nllN}
W = 1 K0
& = 18270

I'p = =(Fur + Pz + Vg + Py + S)f (cos()7}) = 16846

Fapg = (1/19)% (4 875 Lyg+ 168755+ 28 875( Fyry + Prro+ Fipa )+ 9.5(W Py + Feg+ Fra+ Fiy)) =
—25067.

Fap = —Fapg — Fpsin(60°) + W 4 (£ + Fyg + Fya + Fry)

Fupy = —{[1/19) 2 (4 875 Fig + 168755 4 28875 Fiyy + Fg + Firq) + 05(W 4 Fyq + Frg + Fya +
Fyg)))+ (£ + Fg + Fg + Firg + 5)/ {cos(607))) sin(607) + W+ (Fyy + Fieg + Fyg + Fyy) = 571.27

6 Solution

Maximizing moment about the center of mass, vertical forces going down,
Fyy = 500
Frg = 5000
Frra = 5000
Frpq = 5000
Firp = S0
Firg = HOM)
Fi-a = 5000
Fiey = 5000
W= 1{1 80
g =1527.0

Fro= (Fu, | Fyz | Fuz | Fug 1 8)/(coa(607)) = 160486,

Fage= {1.{[9]*('1.3?51{’1;“ [ 16,8755 | 33-5?5“‘7}“ 1 Fra F;,rql,'l FOSW L Fyyp | Fyg | Frs | Fi'd” =
—5066. 9

f‘“,![ﬂ = —Figs f"-'{_:-h'il’ll:'ﬁl]'} P Wy {F!I"j b Fva+ Fead F‘L'.:J
Fagy = —((1/19) # (4875 Fys + 16,8755 | 25-375{FH1 | Faz | Fua) ﬂ.ﬁ“'{" F Py 1 Fea | Feadd
-Fl‘l."-'l}}] | {{FHI I Fj’f'_i I Fra t Frg 4 S'],J'l::::x;[ﬁ{r"_j}}f:in{ﬁ[]"“] L [.!"'1-'. -+ F‘L":.! + Fh-;j + -P‘V-l} = 205671.

7  Solution

Minimizing moment aboat e center of mass, verlical I'un,;’;:s goiny down,
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37950,

Fiy = 5000

Faga = 5000
Fryz = —5000
Fypy = 5000
ey = S000
Fyrp = 5000
Fyrq = 5000
Fyey = D000
W = 10180
g =1527.0

Fr = —(Fi + Fye + Fua + Frpg + S}/ (cos(607)) = —23054.

Fapz = (1/19)% (4875 Fypy 4 16.8TH5 + 28 870( Fypy + Fryg+ Fipa ) 4 9.5(W+ Fyy + Fya+ Foa+ Fra) ) =

Fam = —Fane — Fuﬁiu[ﬁ“”] + W+ {F'|.J| + Mo + oy + Fyﬂ
Fam = —((1/19) = (L8755 Fyprg + 16,8755 + 28875 Fiyy + Fire + Frg )+ 9.5(0W 4+ By + Foo 4+ Foa +

Fya))) + ({Far + Fra + Faa + Fya + 5)/ (cos(60°)) sin{607) + W + (Fyy + Fyra + Fys + Fyy) — 121886.

8 Solution

Minimizing moment about the center of mass, vertical forces going up.
Frpq = 5000
Frpq = 5000
Fyrz = =5000
Frrg = 5000
Fyqg = =5000
Fya = =5000
g = =5000
g = =000
= 10180

17959,

& = 1527.0

Fp =—{Fin + Fye + Fyy + Fipg + 5)/(cosl607)) = —23054.

Fapz = (1/19)#{4.875Fjy3+16.8755 +28.875( Fiy + Fira+ Fira) +9.5(W + Fyy + Fug+ Fya+Fi)) =

Fam = —Fame = Fpsin(607) + W+ (Fyy + Frg + Firg 4+ Fiy)
Fapy = —({1/19) & (487587 + 16.8755 + 2B 8T5( 191y + Fpa + Pipg) +9.5(W + Fyy + Fyg + Fyeg +

f11,.|}:|:| 4 {{F{” + .Ir“jfz -+ FH;_; + F;“ + A‘J']I."[L'Llril:ﬁu:'}” riilI:GU'!}'f" W4 ['1""I,"| + f“'[,-'g, + 1‘11,-';; + f‘lq} ==THR14.0




